Summary. The 
Introduction
In the livestock industry superovulation with exogenous gonadotrophins has become a well-estab¬ lished technique for increasing the supply of embryos from genetically superior animals. However, the yield of viable embryos may be highly variable, and retarded or abnormal embryos are often recovered (reviewed by Betteridge, 1977) . In such circumstances it is difficult to establish whether the primary defect occurred before or after the time of ovulation. Miller & Armstrong (1981a, b) have used rats to study the infertility resulting from superovulation. A single injection of a low dose of PMSG (8 i.u.) in immature rats induced ovulation which led to normal gestation (Nuti, Sridharan & Meyer, 1975) . However, high doses of PMSG (40 i.u.) resulted in the recovery of large numbers of ova on Day 1 of pregnancy but by Day 5 blastocysts were not recovered from the uteri (Miller & Armstrong, 1981b) . Further studies in which superovulated rats were ovariectomized at different intervals after the time of mating suggest that at least a large proportion of the embryos present during the first 36 h after the time of mating are normal and that the failure to develop to the blastocyst stage in superovulated rats results from an abnormal ovarian hormone secretion after ovulation rather than abnormalities in oocytes per se (Miller & Armstrong, 1982) . However, fertilization failure is higher in one-cell ova from superovulated rats than in ova from animals with a low ovulation rate (Walton, Evans & Armstrong, 1983) . In the present study the development of oocytes recovered from follicles or oviducts of superovulated rats was examined, using the tech¬ nique of transfer of the oocytes to a normal adult recipient.
Materials and Methods Animals
daily but the timing of the period of illumination of the two groups of rats was altered to manipulate the time of ovulation in that the lighting for the immature rats started 2 h earlier than that for the adults. Adult animals were allowed at least 2 weeks to adjust to Recipients. The adult recipient rats were synchronized using a modification of the method described previously (Vickery & McRae, 1980) mating using the presence of a copulatory plug and/or spermato¬ zoa in the vagina as evidence and only mated rats were subsequently used. Transfers were per¬ formed between 01:00 and 04:00 h. The rats were anaesthetized with tribromoethanol solution (2%, 0-01 mg/g body wt) and transfers were carried out using procedures similar to those described by Noyes (1952) . One ovary was exposed through a flank incision and, holding only the surrounding adipose tissue, the ovary was drawn out, care being taken to avoid handling the ovary or the reproductive tract. The transfer pipette was passed through a foramen in the bursal membrane (Alden, 1942) To test the viability of those oocytes recovered earlier than 66-5-69-5 h from rats superovulated with 40 i.u. PMSG (Miller & Armstrong, 1981b) , an additional study was carried out in which 32 oocytes were collected from the oviducts of 5 rats injected with 40 i.u. PMSG 26-5-29-5 h pre¬ viously, and 20 oocytes were collected from the oviducts of 5 rats injected with 40 i.u. PMSG 42-5-45-5 h previously. All oocytes in these two groups were surrounded by cumulus cells and transfers were made to 6 and 9 recipient rats, respectively. There were no significant differences in the mean fetal and placental weights in the two uterine horns. In the 'transfer' horn there were no significant differences in the mean fetal and placental weights between endogenous pigmented and transferred albino embryos (Table 2) . (Miller & Armstrong, 1981b) is not attributable to defects in the oocytes. Miller & Arm¬ strong (1982) found that ovariectomy of superovulated rats within 36 h after the time of mating resulted in a large proportion of embryos implanting but they were unable to determine whether the embryos that did not implant were abnormal. In the present study oocytes were selected at random from the large number recovered immediately after ovulation and a decrease in the survival rate would be expected if some of the oocytes had been abnormal.
It has been suggested that an early rise or prolonged elevation of preovulatory oestrogen may cause increased preimplantation death of embryos through a direct effect on the preovulatory oocyte (Butcher & Pope, 1979) . Both ovarian and serum oestradiol levels are elevated in the superovulated rat before ovulation (Miller & Armstrong, 1981b; Walton & Armstrong, 1981) and yet the present study shows no increased level of oocyte abnormalities relative to control. The results of Butcher & Pope (1979) might therefore only be applicable when there is prolonged exposure to high levels of oestrogen because of delays in ovulation but no direct assessment was made of the normality of the oocytes and no direct evidence of effects on the preovulatory oocyte was presented. In addition the effects of oestradiol on the oviducal environment and hence early embryonic development were not considered.
In the present study no assessment was made of the chromosomal normality of the transferred ova, but fetuses developed equally well from ova of control or superovulated rats, suggesting that there are no detrimental chromosomal abnormalities in the ova released at superovulation. Simi¬ larly, Gates (1965) has suggested that in mice the oocytes produced from superovulated donors are genetically normal as assessed by in-vitro development from the 2-cell to blastocyst stages which gave rise to viable fetuses when transferred to suitable recipients.
The increased recovery of fetuses from oocytes collected from the follicles of control rats may reflect the better timing of transfer in these animals. Fertilization begins within 2 h after the median time of ovulation or probably immediately following ovulation in some individual animals (Shalgi & Kraicer, 1978) . In this laboratory, immature female rats injected with 4 i.u. PMSG ovulate between 00:30 and 05:30 h (Walton et al, 1983) . Since transfers were performed between 03:00 h and 06:00 h some oocytes could have been transferred up to 5 h after ovulation. In contrast, follicular oocytes were collected from control animals which had not yet ovulated or had only partly ovulated and ovulation was presumed to be imminent. The timing of collection and fertilization was therefore more nearly normal in these animals. Noyes (1952) showed that ova collected within 5 h after ovulation showed a lower rate of development then did follicular oocytes collected at the first polar body stage, and this was interpreted as a rapid deterioration of ova after ovulation. This explanation is not supported by the work of Niwa & Chang (1975) who showed that eggs recovered 4-14 h after ovulation could be penetrated by spermatozoa in vitro and develop into normal 2-cell eggs. Therefore a delay of 5 h (the maximum that could have occurred in the present study) would probably not be detrimental.
In contrast to control rats, in the superovulated animals the percentage of follicular oocytes which survived to fetuses was not significantly different from that of oviducal oocytes and it was significantly lower than the survival rate of the control follicular oocytes. (Walton et al., 1983) 
